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ABSTRACT
Since 2008, the U.S. National Science Foundation (NSF) has provided grant funding for over a dozen university-led
cubesat missions for scientific research and STEM education. The aims of the NSF cubesat program are to advance
observations for space weather, atmospheric and geospace sciences as well as technology development in aerospace
engineering and radiocommunications, and to provide “out of this world” leadership opportunities for university
students in space missions. This presentation by the NSF Program Director managing the cubesat portfolio will
provide an update on the NSF cubesat program.

INTRODUCTION

stations for telemetry and data, and interfacing with the
launch provider. Launch opportunities are provided by
partner federal agencies on a collaborative or
reimbursable basis. NASA Wallops Flight Facility is a
key partner in NSF's oversight of the cubesat missions.

Since 2008, the U.S. National Science Foundation
(NSF) has provided grant funding for over a dozen
university-led cubesat missions for scientific research,
engineering innovation, and STEM education. NSF
pioneered federal government support for academic
institutions to build, launch and operate cubesats for
science and educational purposes1.

Though not a space agency, NSF sees value in
supporting cubesat missions, which offer unique,
multipoint space weather and space science
measurements not possible from the ground. We
recognize that NASA and the U.S. Department of
Defense offer small satellite opportunities for U.S.
universities, and our grantees are often also funded by
these agencies. The aims of the NSF cubesat program
have always been twofold: to advance observations for
space weather, atmospheric and geospace sciences as
well as technology development in aerospace
engineering and radiocommunications, and to provide
“out of this world” leadership opportunities in space
missions for a diverse set of university students.
Hundreds of undergraduate students have received
hands-on engineering and science research experiences
and dozens of graduate students have completed their
master’s theses or doctoral dissertations on these
cubesat projects at U.S. universities.

NSF, a U.S. government agency, supports research and
education in all fields of fundamental science and
engineering, except for medical sciences. NSF provides
approximately 25% of the total federal funding for
basic research, including for "high-risk, high pay-off"
ideas, conducted by U.S. colleges, universities, and
research institutions (see www.nsf.gov). NSF offers
various, often focused, funding opportunities to which
proposals are submitted by U.S. institutions. The
proposals undergo rigorous, fair, and transparent merit
review on their intellectual merit and broader impacts to
society. Cubesat missions supported by NSF are
selected through this proposal-driven process. NSF has
typically selected two new cubesat projects at each
funding opportunity.
SCIENCE AND STUDENT LEADERSHIP

NSF-FUNDED CUBESATS ON THE PAD

NSF grants support the design, development,
construction, testing, and integration of the cubesats,
and mission operations and science data collection and
analysis. The grantees are responsible for all aspects of
the missions, including scheduling and conducting
mission reviews, testing, meeting regulatory
requirements (e.g., spectrum licensing and orbital
debris guidelines), making arrangements with ground
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About a dozen NSF-funded cubesat missions have been
successfully developed and launched since 2010,
achieving their science goals in orbit and resulting in
publications in prestigious science journals for the
researchers and students. NSF-sponsored cubesat
missions have been making presentations at the Small
Satellite Conference over the years and 2022 is no
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exception. My presentation therefore focuses on
providing a brief overview of the NSF program and
introduces the cubesat missions currently being
supported by NSF and are "next on the pad," expected
to be launched in the 2023-24 timeframe. These
missions include the following:
•

Climatology of Anthropogenic and Natural VLF
wave Activity in Space (CANVAS): A 3U cubesat,
being built by teams at the University of Colorado
at Boulder. CANVAS is designed to map the wave
energy injected from the ground by lightning and
VLF transmitters and improve our understanding
of the propagation of these waves through the
ionosphere. Graduate and undergraduate students
are involved in spacecraft design, analysis,
manufacturing,
and
testing.
See:
https://culair.weebly.com/canvas.html

•

IMpulsive Phase Rapid Energetic Solar
Spectrometer (IMPRESS): A 3U, Sun-pointing
cubesat with X-ray detectors being developed by a
collaboration led by the University of Minnesota,
Montana State University, University of California
Santa Cruz and Southwest Research Institute. The
primary science goal is to investigate electron
acceleration in solar flares by measuring short
duration increases in their X-ray emission.
Undergraduate and graduate students have
leadership roles in the mission, including as Project
Scientist, Chief Engineer, and Project Manager.
See: https://smallsat.umn.edu/impress

•

•

Gamma Ray Flashes) from electrons, presumably
seeded by cosmic rays, accelerated by strong
electric
fields
in
thunderstorms.
See:
https://www.space.auburn.edu/tryad
•

COMMUNITY INPUT
Besides funding academic cubesat missions, NSF has
also supported numerous workshops for the science and
engineering communities to discuss cubesat science,
technology, and educational aspects. These range from
the 2011 Workshop on CubeSats for GEM and CEDAR
Science to the planned 2022 Second International
Workshop on Small Satellites for Space Weather
Research and Forecasting.

Space Weather Atmospheric Reconfigurable
Multiscale
Experiment
(SWARM-EX):
A
pathfinder mission of three 3U cubesats with
instruments to measure ion density and neutral
oxygen in the ionosphere and demonstrating novel
technologies for radio communications between
satellites and autonomous operations within the
constellation. SWARM-EX is being developed by
faculty and students within a collaboration led by
the University of Colorado at Boulder, Olin
College, Western Michigan University, Georgia
Institute of Technology, University of South
Alabama, and Stanford University. See:
https://www.colorado.edu/aerospace/academics/gra
duates/graduate-projects/2021-2022projects/space-weather-atmospheric-reconfigurable

In 2014, NASA and NSF commissioned the U.S.
National Academies of Sciences, Engineering, and
Medicine to review the contributions and potential of
cubesats for science. The resulting report2 noted that
cubesats launched between 2010 and 2015 had enabled
innovative measurements and produced "high-value"
Earth- and space science and had the potential to
contribute to solar and space physics, Earth science,
planetary science, and astronomy and astrophysics. Due
to practical limitations, however, cubesats cannot be the
sole workhorse for all possible science objectives. This
report also assessed that the NSF cubesat program had
successfully met its goals of advancing research and
providing training opportunities for students. A
recommendation from the report was for NSF to
continue to support the cubesat program with its dual
focus on science and education and increase the

Terrestrial Rays Analysis and Detection (TRYAD):
Two 6U spacecraft being built by undergraduate
students at the University of Alabama - Huntsville
and Auburn University. The science goals are to
measure from multiple low-Earth orbit locations,
short-lived gamma ray bursts (called Terrestrial
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VIrtual
Super-resolution
Optics
with
Reconfigurable Swarms (VISORS): Two 6U, Sunpointing cubesats with ultraviolet optics and
detectors, being developed by a collaboration led
by the University of Illinois at Urbana-Champaign,
University of California-San Diego, Georgia
Institute of Technology, New Mexico State
University, University of Colorado at Boulder,
Ohio State University, Montana State University,
Stanford University, Purdue University, and
Stanford University. The primary science goal is to
image small, filamentary structures in the Sun's
corona at the very high angular resolution of 160
milliarcseconds and test theories of coronal
heating. The mission is also developing opensource modeling and design optimization toolkit
for CubeSat swarms and involves students at nearly
all
the
partnering
universities.
See:
https://www.ssdl.gatech.edu/research/projects/visor
s-virtual-super-resolution-optics-usingreconfigurable-swarms
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opportunity for cubesats to be supported beyond the
focus on space physics. NSF has been working on the
recommendations from this report, continuously seeks
input from the U.S. science and engineering
communities and continues to explore expanded
possibilities for cubesats in our funding programs.
Disclaimer
Any
opinions,
findings,
conclusions,
or
recommendations presented in this article are only
those of the author; they do not necessarily reflect the
views of the National Science Foundation. For official
information about the NSF, visit https://www.nsf.gov.
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